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@ Reinforced flame-retarded polyester resin compositions.

@ A resin composition comprising (A) a polyester, (B) a flame retardant, (C) antimony oxide or an antimonate
and (D) a filler, which filler includes plate-like magnesium silicate filler having an average particle size of 2.2 um
or less, and optionally acicular calcium metasilicate filler. The compositions have a good arc resistance and a

- good tracking resistance, and also sufficient heat resistance and flame retardance.
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The present invention relates to reinforced flame-retarded polyester resin compositions, and more
specifically to reinforced flame-retarded polyester resin compositions that are useful as molding materials in
electrical components.

Non-crystalline plastics such as polycarbonates, polyphenylene ethers and ABS resins have inadequate
heat resistance, ch mical r sistance and arc resistance. On the other hand, crystalline plastics such as
polyesters and polyolefins do by themselves have sufficient arc resistance and tracking resistance, but their
flame retardance and heat resistance are inadequate. In polyesters, it is known that sufficient flame
retardance and heat resistance can be obtained by the addition of fillers such as halogen-antimony flame
retardants and glass fibers. However, a notable decrease in the arc resistance and the tracking resistance
can be observed as side effects of these additives.

The object of the present invention is to provide a polyester resin composition having a good arc
resistance and tracking resistance, as well as a sufficient heat resistance and flame retardance.

The present invention provides a resin composition comprising (A) a polyester, (B) a flame retardant,
(C) antimony oxide or an antimonate and (D) a filler, which filler includes plate-like magnesium silicate filler
having an average particle size of 2.2 um or less, or both this and acicular calcium metasilicate filler.

Known aromatic polyester resins can be used as the polyester resin employed in this invention. Here,
the aromatic polyester resin is a polyester having an aromatic ring at the chain unit of the polymer. This is a
polymer or copolymer that can be obtained by means of a polycondensation reaction in which an aromatic
dicarboxylic acid and a diol (or the ester-forming derivatives thereof) serve as the main ingredients.

Examples of aromatic dicarboxylic acids that can be cited include terephthalic acid, isophthalic acid, o-
phthalic acid, 1,5-naphthalenedicarboxylic acid, naphthalene-2,5-dicarboxylic acid, naphthalene-2,6-dicar-
boxylic acid, biphenyl-2,2'-dicarboxylic acid, biphenyl-3,3'-dicarboxylic acid, biphenyl-4,4'-dicarboxylic acid,
diphenylether-4,4'-dicarboxylic acid, diphenylmethane-4,4'-dicarboxylic acid, diphenylsulfone-4,4'-dicarbox-
ylic acid, diphenylisopropylidene-4,4'-dicarboxylic acid, 1,2-bis(phenoxy)ethane-4,4'-dicarboxylic acid,
anthracene-2,5-dicarboxylic acid, anthracene-2,6-dicarboxylic acid, p-terphenylene-4,4'-dicarboxylic acid
and pyridine-2,5-dicarboxylic acid. Of these, the use of terephthalic acid is especially desirable.

Two or more of these aromatic dicarboxylic acids may be mixed and used. Also, one or more aliphatic
dicarboxylic acids such as adipic acid, azelaic acid, dodecanedioic acid and sebacic acid or alicyclic
dicarboxylic acids such as cyclohexanedicarboxylic acid may be mixed and used in small amounts together
with these aromatic dicarboxylic acids. ’

Examples that may be cited of the diol component include aliphatic diols such as ethylene glycol,
propylene glycol, butylene glycol, hexylene glycol, neopentyl glycol, 2-methylpropane-1,3-diol, diethylene
glycol and triethylene glycol; alicyclic diols such as cyclohexane-1,4-dimethanol; and mixtures thereof. Also,
a small amount of one or more long-chain diols having a molecular weight of 400-6000 may be
copolymerized; examples of these include polyethylene glycol, poly-1,3-propylene glycol and poly-
tetramethylene glycol.

Specific examples of aromatic polyester resins that can be cited include polyethylene terephthalate
(PET), polypropylene terephthalate, polybutylene terephthalate (PBT), polyethylene naphthalate, poly-
butylene naphthalate, polyethylene-1,2-bis(phenoxy)ethane-4,4'-dicarboxylate, and polycyclohexane
dimethanol terephthalate. Copolymeric polyesters such as polyethylene isophthalate/terephthalate, poly-
butylene terephthalate/isophthalate and polybutylene terephthalate/decane dicarboxylate may also be cited.
Of these, the use of polybutylene terephthalate is preferable.

Next, the flame retardant (B) used in this invention may be a halogen-based flame retardant such as
tetrabromobisphenol A oligomer, polybromophenyl ether, brominated polystyrene, brominated epoxide,
brominated imide and brominated polycarbonate. Of these, the use of a brominated epoxide is preferable.

Examples that may be cited of the antimony oxide (C) include antimony trioxide (Sb203) and antimony
pentaoxide (Sb20s ). Examples of antimonates that may be cited include sodium antimonate (NaSbOs).

In this invention, the ingredients are included in the following amounts, based on 100 parts by weight of
the overall resin composition: 20-75 parts by weight, and preferably 30-65 parts by weight, of component
(A); 5-20 parts by weight, and preferably 8-16 parts by weight, of component (B); and 2-6 parts by weight,
and preferably 3-5 parts by weight, of component (C). When the amount of component (A) is less than 20
parts by weight, the molded product becomes brittle; on the other hand, when this is greater than 75 parts
by weight, a polyester having the desired properties cannot be obtained. When component (B) is less than
5 parts by weight, a sufficient flame retardance cannot be obtained; when this is more than 20 parts by
weight, large additional effects cannot be expected and a decline occurs in the physical properties. When
the amount of component (C) is less than 2 parts by weight, a sufficient flame retardance cannot be
obtained; on the other hand, the use of more than 6 parts by weight does not result in greater effects.
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A distinctive feature of this invention is the fillers (D) used. A plate-like magnesium silicate filler having
an average particle size of 2.2 um or less and an acicular caicium metasilicate filler are used. The averag
particle size of the plate-like magnesium silicate filler is preferably 1.8 um or less, and most preferably 1.3
um or | ss. When the average particle size is greater than 2.2 um, the tracking resistance-improving effect
is small. The use of talc as the plate-like magnesium silicate filler is preferable; examples include
commercial products available from the Fuji Talc Co. under trademarks such as KLM-100, KLM-200 and
KLM-300. Wollastonite is preferable as the acicular calcium metasilicate filler; one example is the product
having the trademark Kemolit ASB available from Nagase & Co., Ltd. The plate-like magnesium silicate filler
and the acicular calcium metasilicate filler may be used in any mixing ratio, although it is preferable that the
ratio of the plate-like magnesium silicate filler to the acicular calcium metasilicate filler range from 40/60 to
90/10 (weight ratio).

Common fillers other than the above can also be included in small amounts within the filler (D).

Component (D) is included in an amount of 15-75 parts by weight, and preferably 20-50 parts by
weight, per 100 parts by weight of the overall resin composition. When there is less than 15 parts by weight
of component (D), the effects are inadequate; when more than 70 parts by weight of component (D) is used,
the molded products become brittle.

In addition, other resins, various rubbers and common additives such as pigments, dyes, heat-resisting
agents, antioxidants, antiweathering agents, lubricants, release agents, crystal nucleating agents. plasticizers
and antistatic agents may be added to the resin compositions of this invention in accordance with the
desired aim during resin mixture or molding, provided this does not adversely affect the physical properties
thereot

There are no particular restrictions on the methad for preparing the resin compositions of this invention,
it being possible to use with good effects a conventional method. While the use of a small amount of
solvent 1s possible, this is generally not necessary. Examples that may be cited of the equipment used
include in particular extruders, Banbury mixers, rollers and kneaders. These may be operated either
continuously or in a batch-wise manner. ‘

The resin compositions of this invention have excellent heat resistance, arc resistance, tracking
resistance and flame retardance. They have a heat-distortion temperature greater than 120° C; an arc
resistance, according to ASTM D485, that is greater than 60 seconds, and preferably greater than 120
seconds; a wet comparative tracking index (CTI) greater than 400 V, and preferably at least 600 V; and a
flame retardance, based on UL 94, of V-0.

The resin compositions of this invention can be used as molding compositions for active electrical
components used in air conditioners, refrigerators, TVs, audio equipment, automobiles, washers, dryers and
the like. For example, they can be used as switches, terminals, relay coil bobbins and their cases, high-
pressure coil bobbins and their cases, cathode-ray tube deflection yokes and the like. These compositions
are especially useful when employed in active electrical compaonents/imembers situated in close proximity to
high voltages and in high-temperature, high-humidity environments.

In the area of electrical components, the values recognized by the Underwriters Laboratories Inc. (a
nominal grades ranging from 0 to 7 or from 0 to 5 is given as the PLC grades) are generally used as the
official values for the arc resistance and the tracking resistance. The grades assigned to the arc resistance
and the tracking resistance are defined in Tables 1 and 2. The arc resistance is measured based on ASTM
D495, and the tracking resistance is measured as the wet comparative tracking index (CTI).

Table 1

Average time of arc resistance (TAR) in D495 range (seconds) PLC
Assigned

420 S TAR 0
360 s TAR < 420
300 s TAR < 360
240 s TAR < 300
180 s TAR < 240
120 s TAR< 180

60 S TAR< 120

0 s TAR< 60

NOOHLH WN -
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Table 2
Tracking index (Tl) in CTi range (volts) | PLC
Assigned
600 _TI 0]
400 _ TI 600 1
250 _ Ti 400 2
175 _ Ti250 3
100 __TI1175 4
0__TI100 5

The use of a resin having a higher grade (closer to 0) increases the safety in the final product. Also,
because fire and casualty insurance is normally applied to products for this type of functional component,
when a higher PLC is obtained the premiums become much lower. Prior-art polyester resins had an arc
resistance of PLC 7 and a tracking resistance of PLC 3, but the resin compositions of the present invention
have an arc resistance of PLC 5 and a tracking resistance of PLC 0. Based on this, the safety of the
products can be greatly increased and the total costs can be lowered; hence, the social benefits of using
the resin compositions according to the present invention are very large.

Examples

The present invention shall now be illustrated more concretely by means of examples, although it shall
be understood that this invention is in no way restricted by these examplss.

The following compounds were used in the examples.

Component A: The polyester known as polybutylene terephthalate (trademark, Valox 310; GE Plastics
Japan KK), abbreviated below as PBT.

Component B: Brominated epoxide (trademark, SR-T5000; Sakamoto Yakuhin Kogyo KK).

Component C: Antimony trioxide (Sb2QO3).

Component D:

Wollastonite: Kemolit ASB (trademark of Tatsumeri KK)

Talc 1: KLM-100 (trademark of Fuji Talc KK), average particle size, 2.2 um.

Talc 2: KLM-200 (trademark of Fuji Talc KK), average particle size, 1.8 um.

Talc 3: KLM-300 (trademark of Fuji Talc KK), average particle size, 1.3 um.

Glass fiber (used for the sake of comparison).

Optional Components:

Stabilizer: MARK AO-50 (Asahi Denka Kogyo KK)

Examples 1-6 and Comparative Examples 1-6

The ingredients in the amounts (parts by weight) indicated in Table 1 were extruded using a twin-screw
extruder (screw diameter, 30 mm) at a barrel temperature setting of 260° C and a speed of 200 rpm,
thereby giving pellets. Test pieces for measuring various physical properties were injection molded from
these peilets, then submitted to the following tests. The results are given in Table 3.

Arc Resistance Test: Measured in accordance with ASTM D495.

Tracking Resistance Test: The wet comparative tracking index (CTl) was measured in general
accordance with IEC.

Flame Retardancy Test: UL 94/VO, VI, and VIl Tests

Five test rods were tested at a thickness of 1/16 inch according to the test method indicated in
"Combustion Test for Material Classification™ (Underwriters Laboratories Inc. Bulletin 94; hereinafter, UL-94).
According to this test method, the material furnished for testing was graded as UL-94 V-0, V-1 or V-Il based
on the results for 5 samples. The criteria for the various V grades in UL-94 are briefly given below.

V-0: The flame retention time after removal of the ignition flame is 10 seconds or less, the total fire
retention time is 50 seconds or less, and none of the samples drop sparks that set fire to absorbent cotton.

V-I: The flame retention time after removal of the ignition flame is 30 seconds or less, the total fire
retention time is 250 seconds or less, and none of the samples drop sparks that set fire to absorbent cotton.

V-lI: The flame retention time after removal of the flame is 30 seconds or less, the total fire retention
time is 250 seconds or less, and all the sample drop sparks that set fire to absorb nt cotton.
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UL-84 stipulat s that unless all the t st rods pass a given V grade, none shall not be classified in the
grade. In cases where these conditions are not satisfied, all five test rods ar assigned to the grade of th
test rod for which the worst results were obtained. For xample, when one test rod was classifi d as V-Ii,
the grades for all five test rods became V-II.

Heat Resistance Test: The heat distortion temperature (HDT) was measured under a load of 18.8
kg/cm? in accordance with ASTM D648.

Advantages of the Invention
The polyester resin compositions of this invention have a good arc resistance and tracking resistance,

in addition to which they have a sufficient heat resistance and flame retardance. Hence, these have a high
safety even when used in products such as electrical components, and are thus industrially very useful.

T
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Table 3
Examples Comparative Examples
1 2 3 4 5 6 1 2 3 4 5 6
Ingredients
(parts by weight)
PBT 39.8)39.8]39.849.849.8 |49.8 100 70 | 80 50 |64.8 |49.8
Halogen-baged 16 16 16 16 16 16 - --116 16 16 16
flame retardant
Sb,04 4 4 4 4 4 4 - - 4 4 4 4
Stabilizer 0.2| 0.2} 0.2} 0.2} 0.2} 0.2 0.2]0.2}]0.210.2} 0.,2] 0.2
Wollastonite 10 10 10 - - - - - - --1 15 30
Talec 1 30 - e 30 - - - - - - - o=
Talc 2 - 30 - - 30 - - - - - - -
,Talc 3 - - 30 - - 30 - - - - - -
Glass fibers - - - - - - - 30 - 30 - -
Tests
Arc registance 110| 130} 140 105] 120} 120 190 | 130 60 25 50 80
(seconds) .
Tracking resistance 400 [>600>600] 390| 460} 590 |>600 | 400 | 180 | 180} 400} 500
(volts)
UL-94400 v-0} v~-0} V-0| V-0 V-0}] V-0 - -~ | V-0 | V~0} V-0 | V-0
HDT (©°C) 200| 200! 200]| 200| 200 200 60 | 200 80 | 200| 100 | 160
Dashes (--) mean that the value fallse outgide of the specifications.
v e ®° 8 Y 8 8 S Q b

Claims

86

A resin composition comprising (A) a polyester, (B) a flame retardant, (C) antimony oxide or an
antimonate and (D) a filler, which filler includes plate-like magnesium silicate filler having an average

1.
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particle size of 2.2 um or less, or both this and acicular calcium metasilicate filler.
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